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(57)Abstract: 

PURPOSE: To improve adhesion property between a substrate and a diamond coating film, and to obtain durability and a longer 
life of the coated member by forming a diamond film on a porous layer comprising a specified material formed on the surface of 
a substrate. 

CONSTITUTION: The porous layer is formed on the surface of a substrate by coating the substrate with carbides, nitrides or 
carbide/nitrides of two or more metals selected from the groups IVA, VA and VIA in the periodical table and heating. Then, a 
diamond thin film is formed on the surface of the heat-treated porous layer of the substrate. Or, when the ami of titanium or 
tantalum in the porous layer is small, the substrate is subjected to plasma treatment under specified conditions as the 
pretreatment, and then a diamond coating is formed thereon. The diamond thin film is formed by gas phase synthesizing method 
using carbon source gas. Thereby, the carbon source gas and metals in the intermediate layer react to produce carbides of metals 
and to produce diamond. Thus, adhesion property of the coating is improved. 



LEGAL STATUS 
[Date of request for examination] 
[Date of sending the examiner's decision of rejection] 
[Kind of final disposal of application other than the examiner's 
decision of rejection or application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

Pate of requesting appeal against examiner's decision of 
rejection] 

Pate of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



16.02.1999 



3214891 
27.07.2001 



1 of 1 



5/16/03 4:32 PM 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgl_ejje 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is excellent in the adhesion of a base material and the diamond film which covers this in 
more detail about a diamond covering member, and relates to the diamond covering member which can be excellent also in the 
adhesion at the time of an elevated temperature, can apply to tools, such as a cutting tool, a grinding tool, and abrasive tools, and 
can be made [ of a use life / remarkable ] long by having the diamond film which does not exfoliate easily especially at the time of 
an elevated temperature. 
[0002] 

[Description of the Prior Art] The diamond which excelled before in antifriction members, such as tools, such as a cutting tool 
with which high surface hardness and high abrasion resistance are demanded, a grinding tool, and abrasive tools, and a machine 
part, remarkably in respect of a degree of hardness, abrasion resistance, etc. is used, for example, the diamond composition 
technology generally according to gaseous-phase methods, such as CVD and PVD, - using - tools and antifriction ~ the method 
of depositing diamonds on the front face of base materials, such as a member, and making a diamond coat form in it is learned 
Thus, by covering a base material with a diamond coat, advanced surface hardness and advanced abrasion resistance can be given 
to tools and the antifriction member. 

[0003] However, generally the front face and diamond coat of a base material have bad adhesion. So, various proposals are made 
in order to raise this adhesion. The interlayer who consists of the base-material component and carbon component is made to form 
as one of such the proposals on the field of the base material of various kinds of quality of the materials, and it is a vapor phase 
synthetic method on this interlayer's field. A diamond film (diamond thin film) is made to form, and the attempt which is going to 
raise the adhesion of a base material and a diamond film by the interlayer is made (JP,60-208473,A, JP,61-106478,A, 
JP,61-106493,A, JP,61-106494,A, etc.). 

[0004] however, in the technology using an interlayer, it is called for that ** interlayer holds high adhesion to the both sides of a 
base material and a diamond thin film, moreover it needs to fill severe demand that the ** interlayer's itself intensity must also be 
high enough, and selection of the optimal quality of the material is very difficult Although various devices have actually been 
made by selection, its fonning method, etc. of an interlayer's quality of the material like the conventional method of the 
above-mentioned instantiation The diamond covering member which has the interlayer obtained by the conventional method had 
the trouble that neither sufficient endurance nor a use life was acquired, when neither of the cases was especially put on very 
much to fully satisfy both the above-mentioned ** and ** but use was presented with them by severe conditions, such as a cutting 
tool and slide member. 

[0005] Moreover, in JP,62-47480,A, the method of carrying out acid treatment of the front face of a base material which consists 
of a cermet, and removing metal components, such as Co and nickel, is proposed. However, by this method, sufficient adhesion of 
the diamond film to the base material which consists of a cermet cannot be obtained by the difference of thermal stress with a 
titanium carbide and a diamond film etc., but there is a fault that a diamond film exfoliates easily from a base material at the time 
of an elevated temperature. 

[0006] Furthermore, a diamond film is covered to a base material and how to heat-treat the diamond covering member obtained 
after that is also learned. However, in this method, even if it can obtain a diamond covering member which is suitable for 
precision processing by removing a crack with a detailed front face, the effect of raising the adhesion of a base material and a 
diamond film can hardly be done so. 

[0007] On the other hand, various methods of mainly paying one's attention to selection and reforming of the quality of the 
material of a base material are also examined as a method of improving the adhesion of a base material and a diamond thin film. 
For example, paying attention to the badness of the adhesion of a base material and a diamond thin film being in the difference 
among those coefficients of thermal expansion, there is the method of adjusting composition and the sintering conditions of a base 
material and controlling a coefficient of thermal expansion etc. 

[0008] The methods (JP,61-109628,A etc.) of adjusting composition and the sintering conditions of ceramic base materials, such 
as a method, a silicon nitride, etc. which adjust composition of the cemented carbide base material of for example, a WC-Co 
system, as such a method etc. are proposed. However, in the case of the base material made from cemented carbide, generally it 
was difficult to make the coefficient of thermal expansion into the value enough near it of a diamond thin film by composition of 
cemented carbide, or regulation of manufacture conditions itself, and the present condition was actually that the improvement 
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effect of adhesion is not fully made. On the other hand, in the case of a ceramic system base material, there was a trouble that it 
was difficult to also fully satisfy the degree of hardness of the base material itself and properties, such as fracture toughness, 
though it will be limited [ in / control of the coefficient of thermal expansion of the base material itself / this / for importance ] to 
the quality of the material of a base material or the range with very narrow composition and adhesion is able to be raised even if. 
[0009] Furthermore, in JP, 1-246361, A, it is at least one sort of hard layers, Co, and/or nickel in 4a and 5a of a periodic table, the 
carbide of 6a group metal, a nitride, a charcoal nitride, a carbonation object, nitric oxides, and these mutual solid solutions. After 
heat-treating or polish processing the sintering alloy which consists of a binder course made into a principal component, the 
method of forming in the front face the covering film which consists of diamond-like carbon and/or a diamond is proposed. 
[0010] However, practical level is not reached although the improvement of adhesion to the sintered alloy of a diamond film is 
found when heat-treatment under the reduced pressure shown in this open official report according to the example of a publication 
is performed, and a surface binder course disappears. 

[001 1] The method of decreasing the concentration of the binder course on the front face of a base material by carburization 
processing is proposed by JP,3-1 15571,A that such a problem should be solved. However, since the condensation ablation in a 
tungsten-carbide layer arises even if the adhesion of the diamond film to a tungsten-carbide layer improves, since the 
tungsten-carbide layer with much carbon formed in the base-material front face is weak, the trouble of being easy to produce 
ablation of a diamond film remains despite a join office. 

[0012] This invention aims at solving the aforementioned technical problem. That is, the purpose of this invention is offering the 
diamond covering member by which it excelled in the adhesion of a base material and the diamond film which covers this, and 
excelled in the adhesion especially at the time of an elevated temperature, big endurance's was demonstrated by this, and the use 
life's has been improved remarkably. 
[0013] 

[Means for Solving the Problem] invention according to claim 1 for solving the aforementioned technical problem - the [ of a 
periodic table ] - the [ an IVA group and ] - the [ VA group and ] ~ diamond covering characterized by having the base material 
which has the porous layer which consists of the carbide of two or more sorts of metals chosen from the metal belonging to a VIA 
group, a nitride, or a charcoal nitride on a front face, and the diamond film formed in the front face of a porous layer - it is a 
member diamond covering given in the aforementioned claim 1 the voidage of whose of the aforementioned porous layer is 5 - 
80% as for invention according to claim 2 ~ diamond covering given in the aforementioned claim 1 the BET value of whose of 
the aforementioned porous layer it is a member and is 30-300cm2 / g as for invention according to claim 3 -- it is a member 
[0014] Below, the diamond covering member of this invention is explained in detail. This diamond covering member has the base 
material which has a porous layer on a front face, and the diamond film formed in the front face of the porous layer. 
[00 1 5] (1 ) diamond covering which the base material of ****** mentions later - a suitable material can be chosen according to a 
difference of the manufacture method of a member 

[0016] If a porous layer is formed by deteriorating the surface portion of a base material, as for the quality of the material of the 
base material, it is desirable that it is the suitable quality of the material to form a porous layer, therefore, this invention - setting 
- the quality of the material of a porous layer - the [ of a periodic table (International Union of Pure and Applied Chemistry) ] - 
the [ the metal belonging to an IVA group, for example, Ti, and ] - the [ the metal belonging to VA group, for example, Ta, and ] 
-- it is good to use the cemented carbide or the cermet containing two or more sorts of metals chosen from the metal, for example, 
W, belonging to a VIA group 

[0017] As the aforementioned cemented carbide, tungsten-carbide system cemented carbide is desirable, and the thing containing 
a metal or its carbide, a nitride, and charcoal nitrides, such as Ti, Co, Ta, Mo, and Cr, is desirable as this tungsten-carbide system 
cemented carbide. Moreover, the thing containing Co or nickel is desirable as mentioned above as a binder phase. 
[0018] As an example of tungsten-carbide system cemented carbide, cemented carbide, such as WC-TaC-Co, WC-TiC-Co, 
WC-TiCN-Co, and WC-TiC-TaC-Co, can be mentioned. In addition, the carbon called a "free carbon" etc. as these cemented 
carbide may be contained. 

[0019] What is used for the conventional tool etc. as the above-mentioned tungsten carbide can be used, and it is in a concrete 
target, it is expressed with WCWCx (however, x expresses the positive real numbers other than one, and usually, this x is larger 
than 1 , or is a number smaller than 1 .) — constant ~ a ratio — that into which other elements, such as oxygen, joined together, 
replaced or invaded can be mentioned to a compound and a non-stoichiometric compound, or these Also in these, WC is usually 
used especially suitably. In addition, these may be used by kind independent, and two or more sorts may be merged, or may be 
used for them as two or more sorts of mixture, a constituent with the solid solution, etc, 

[0020] As a titanium carbide, there is especially no limitation and it can use what is used for manufacturing the usual alloy, 
specifically, it is expressed with TiC and TiCy (however, y expresses the positive real numbers other than one, and usually, this y 
is larger than 1, or is a number smaller than 1.) - constant - a ratio - that into which other elements, such as oxygen, joined 
together, replaced or invaded can be mentioned to a compound and a non-stoichiometric compound, or these Also in these, TiC is 
usually used especially suitably. 

[0021] As a tantalum carbide, there is especially no limitation and it can use what is used for manufacturing the usual alloy, 
specifically, it is expressed with TaC and TaCz (however, z expresses the positive real numbers other than one, and usually, this z 
is larger than 1 , or is a number smaller than 1 .) - constant ~ a ratio ~ that into which other elements, such as oxygen, joined 
together, replaced or invaded can be mentioned to a compound and a non-stoichiometric compound, or these Also in these, TaC is 
usually used especially suitably. The aforementioned tungsten carbide, the aforementioned titanium carbide, the aforementioned 
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tantalum carbide, and especially the aforementioned cobalt do not need to be pure, and as long as they are a range which does not 
have trouble in attaining the purpose of this invention, they may contain the impurity. For example, in the aforementioned tungsten 
carbide, you may contain impurities, such as superfluous carbon of a minute amount, a superfluous metal, and an oxide, etc. 
[0022] as a cermet - the [ of a periodic table ] - the [ an I VA group and ] ~ the [ VA group or ] ~ the alloy of the metaled 
carbide and the metal belonging to a VTA group can be mentioned Specifically, WC-Co, WC-(at least a kind of metal chosen from 
W, Ti, Ta, Nb, and V) C- (at least a kind of metal chosen from Ti, Mo, nickel, Fe, and Cr), etc. can be mentioned. When it 
illustrates concretely, furthermore, TiC-TaC-nickel, TiC-TaC-Mo, TiC-TaC-nickel-Mo, TiC-TiN-nickel, TiC-TiN-Mo, 
TiC-TiN-nickel-Mo, TiC-TiN-TaC-WC-nickel, TiC-TiN-TaC-WC-Mo, TiC-TiN-TaC-WC-nickel-Mo, TiN-TaN-nickel, 
TiN-TaN-Mo, TiN-TaN-nickel-Mo, TiC-TaN-nickel, TiC-TaN-Mo, TiC-TaN-nickel-Mo, TiC-nickel, TiC-Mo, TiC-nickel-Mo, 
TiC-nickel, TiC-Mo, TiC-nickel-Mo, TiC-TaN-nickel, TiC-TaN-Mo, TiC-TaN-nickel-Mo, TiC-Ti-Mo, Cr3 C2-nickel, 
TaC-nickel, TiC-TaC-Co, Mo2 C-TiC -nickel- Cr, TiC-VC-Fe, TiC-VC-nickel, TiC-VC-Co, TiC-Mo-nickel, etc. It can mention. 
In addition, these may contain other elements or its carbide. 

[0023] if the front face of a base material itself is not deteriorated and a porous layer is anew formed on the surface of a base 
material on the other hand using other quality of the materials independent of a base material -- the quality of the material suitable 
as a base material - the [ of a periodic table (International Union of Pure and Applied Chemistry) ] - the [ an IVA group and ] ~ 
the [ VA group and ] — it is not restricted to two or more sorts of metals chosen from the metal belonging to a VIA group In 
addition, although other quality of the materials for forming a porous layer are independent of a base material, they may be the 
same quality of the material as a base material. The meaning of being independent of a base material is [ without it uses 
base-material itself] say mind. 

[0024] Specifically as the quality of the material of a base material, they are a kind of the cemented carbide it is incomparable 
from kinds, such as W, Mo, Cr, Co, nickel, Fe, Ti, Zr, Hf, Nb, Ta, aluminum, B, Ga, and Si, or two sorts or more of metals, and 
these metals, or two sorts or more. The cemented carbide (specifically) of various kinds of composition which consists of carbon, 
nitrogen, oxygen, boron, etc, W-C systems, such as WC, W-WC, WC-C, and W-WC-C, a Co-C system, Co-W-C systems, such as 
Co-WC, Co-W-WC, Co-WC-C, and Co-W-WC-C, TaCx Mo-MoCx [ MoCx and ] etc. - Ti-C systems, such as a Ta-C system 
and TiC, - Si-C systems, such as Mo-C systems, such as a MoCx-C system, and SiC, and Fe-FeCx Fe-C systems, such as a 
system, Ti-nickel-C systems, such as aluminum-Fe-0 systems, such as an aluminum2 03 -Fe system, and a TiC-nickel system, 
Fe-B-C systems, such as Ti-Co-C systems, such as a TiC-Co system, BN system, and a B4 C-Fe system, Ti-N systems, such as a 
TiN system, AINx aluminum-N systems, such as a system, and TaNx Ta-N systems, such as a system, W-Ti-Co-C systems, such 
as W-Ta-Co-C systems, such as a WC-TaC-Co-C system, and a WC-TiC-Co-C system, W-Ti-Ta-Co-C systems, such as a 
WC-TiC-TaC-Co-C system, an W-Ti-C-N system, an W-Co-Ti-C-N system, etc. - etc. - various cemented carbide can be 
mentioned 

[0025] WC system cemented carbide suitable as an especially desirable example also in these for example, for cutting tools 
(specifically) For example, JIS B In 4104 The use class marks P01, P10, P20, P30, and P40, P series of P50 grade, The cemented 
carbide chips for [, such as K series of M10 M20, M30, M series of M40 grade, KOI, K10, K20 and K30, and K40 grade, ] 
cutting tools etc., W-Co-C system cemented carbide, such as WC-Co systems, such as cemented carbide chips objects for 
wire-drawing dices, such as a V-series of VI, V2, and V3 grade, the object for centers, for cutting tools, etc. **, such as what 
changed a part of W-Ti-Ta-Co-C system cemented carbide, such as WC-TiC-TaC system cemented carbide and a 
WC-TiC-TaC-Co system, or these Ta into Nb, etc. can be mentioned. In addition, in these, you may contain other elements and 
addition components other than the above. Whether the cemented carbide of what the quality of the material and a configuration is 
adopted should just choose suitably according to the purpose of use etc. 

[0026] Moreover, the cermet mentioned as instantiation of the quality of the material of the base material in the case of preparing 
a porous layer can also be illustrated by deteriorating the front face of a base material as the quality of the material of the base 
material in the case of forming a porous layer according to other quality of the materials independent of a base material. 
[0027] (2) The porous layer of ********** exists in the surface section of a base material so that it may expose on the surface of 
a base material, this porous layer - the [ of a periodic table (International Union of Pure and Applied Chemistry) ] - the [ an IVA 
group (Ti, Zr, Hf) and ] - the [ VA group (V, Nb, Ta) and ] « it is formed by the carbide of two or more sorts of metals chosen 
from the metal belonging to a VIA group (Cr, Mo, W), the nitride, or the charcoal nitride 
[0028] Especially the desirable porous layer contains TiC, TiCN, and TiN, TaC and NbC. 

[0029] The porous layer formed with the carbide of the metal chosen from the specific group of a periodic table contributes to 
that it is porosity and the improvement of adhesion in conjointly as opposed to the base material of a diamond film. 
[0030] This porous layer can observe having a detailed opening easily, if the cross section of the base material which has a porous 
layer is observed by SEM (scanning electron microscope). 

[003 1 ] It is desirable to be 5 - 80% of rate as voidage, to be 20 - 80% of rate preferably, and to have the aforementioned opening 
at 30 - 70% of a rate still more preferably as a porous layer in this invention. Since the distortion at the time of the elevated 
temperature by the coefficient of thermal expansion of a diamond film and the coefficient of thermal expansion of a base material 
being different is absorbed effectively, the porous layer which has voidage in aforementioned within the limits is carried out that it 
is hard to produce the ablation from the base material of a diamond film. If voidage is less from the aforementioned range, it 
cannot become difficult to absorb distortion in which a load is carried out by the differential thermal expansion at the time of an 
elevated temperature, and the inclination for a diamond film to exfoliate easily from a base material cannot be reduced. Moreover, 
if voidage exceeds the aforementioned range, own intensity of a porous layer becomes small, it will become difficult to 
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demonstrate the function as an interlayer who exists between a diamond film and a base material, and such a porous layer will 
become easy to cause ablation of a diamond film. 

[0032] The opening which has not been penetrated to base-material parenchyma although it will have become depressed from a 
porosity front face, if it observes by SEM as the opening in this porous layer was mentioned above, the adjoining opening, an 
opening open for free passage, etc. are accepted. If the front face of this porous layer is observed by SEM, being dotted with the 
opening in the shape of an island will be admited. 

[0033] The opening of this porous layer is maintained after a diamond film is formed on the surface of a porous layer, diamond 
covering which will come to form a diamond film in the front face of the base material which has a porous layer if it puts in 
another way -- if the cross section of a member is observed by SEM, it will be admitted that the opening still exists in the porous 
layer This is also in the state where opening in the porous-layer front face of the opening in a porous layer was carried out in the 
lid by the diamond film. In such a state, as for the voidage of the porous layer after the porous-layer front face was covered with 
the diamond film, it is desirable that it is in 5 - 70% of within the limits, and it is desirable that it is especially within the limits of 
30-60. 

[0034] The voidage (the voidage after formation may be called) of the porous layer after formation of a diamond film is in the 
inclination which decreases rather than the voidage (the voidage before formation may be called) of the porous layer before 
formation of a diamond film. Thus, that the voidage after formation decreases rather than the voidage before formation means that 
the diamond film formed on the porous layer has entered into the opening in a porous layer. If the voidage after formation is in 
aforementioned within the limits, considering this meaning, it will be thought that the porous layer has contributed to the 
improvement of adhesion to the base material of a diamond film by the anchor effect by a diamond film eating into the opening of 
a porous layer etc. 

[0035] In addition, a mercury porosimeter can measure and estimate the voidage in a porous layer. 
[0036] When this porous layer is seen from a viewpoint of the specific surface area, it is desirable that BET values are 
30-300cm2 / g, and it is especially desirable that they are 50-250cm2 / g. If the BET value of a porous layer is within the limits of 
the aforementioned value, the own mechanical strength of a porous layer is maintained and improvement in the adhesion of a 
diamond film can be aimed at by relief and anchor effect of internal stress. 

[0037] It is uniform, and the thickness of a porous layer is so desirable that it is thin. If thick, it will become weak and the 
adhesion of a diamond film and a base material will become bad. By this method, it is usually 0. 1 -40 micrometers. Here, the 
thickness of a porous layer can be determined as follows. That is, the thickness of a porous layer can be determined by cutting the 
base material covered with the porous layer by the diamond wheel, and observing the cutting cross section by SEM. 
[0038] (3) the formation base-material front face of a porous layer - the [ of a periodic table (International Union of Pure and 
Applied Chemistry) ] ~ the [ an IVA group and ] the [ VA group and ] ~ the following two are mentioned as the concrete 
method of preparing the porous layer of the carbide of two or more sorts of metals chosen from the metal belonging to a VIA 
group 

(A) Deteriorate the front face of a base material in a porous layer. 

(B) the [ of a periodic table (International Union of Pure and Applied Chemistry) ] ~ the [ an IVA group and ] - the [ VA group 
and ] - coat two or more sorts of metal carbide chosen from a VIA group on the surface of a base material, and heat-treat it 

the following — each — ****-- it explains 

[0039] (A) How (the 1 st method) to deteriorate the front face of a base material in a porous layer 

the [ of a periodic table (International Union of Pure and Applied Chemistry) when / required / a solid-solution component is 
deposited on a base-material front face from the interior of a base material as a base material at the time of adopting this 1st 
method ] - the [ an IVA group and ] - the [ VA group and ] - it is good to use the cemented carbide or the cermet containing 
two or more sorts of metals chosen from the metal belonging to a VIA group, and the concrete instantiation is as having 
mentioned above 

[0040] After this base material blends the material component which may serve as a base material at a proper rate, it can be 
formed by methods, such as sintering, 

[004 1 ] In addition, in advance of sintering, you may contain the auxiliary binder which makes a principal component ethylene 
glycol, ethylene-vinyl acrylate, polybutylene methacrylate, an adamantane, etc. with the aforementioned component if needed. 
Especially as the method of the aforementioned sintering, there is no limit and it can carry out according to the well-known 
sintering method from the former. 

[0042] In the method of the aforementioned sintering, although it is possible to use each aforementioned component as a thing of 
the shape of the shape of powder and an impalpable powder and an ultrafine particle, the shape of a whisker, and other 
configurations of various kinds of, a mean particle diameter can usually use preferably suitably 0.05-4.0 micrometers of the things 
of the shape of an about 0.05-2.0-micrometer particle or an ultrafine particle, the things of the shape of a whisker whose aspect 
ratio is 20 to about 200, etc. 

[0043] If sintering temperature is carried out, it is usually appropriate to carry out [ 1,300-1,600-degree C ] within the limits of 
about 1,350-1,550 degrees C preferably. It is usually appropriate for sintering time preferably to carry out within the limits of 
about 1 - 3 hours for 0.5 hours or more. 

[0044] There is especially no limit about the configuration of the base material used for manufacturing a diamond covering 
member, since the aforementioned base material is beforehand made into the desired configuration for example, on the occasion 
of the aforementioned sintering - sintering « it can carry out - or after the aforementioned sintering and the need - responding - 
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a desired configuration -- processing it — diamond covering of this invention — it can use as a base material of a member 
[0045] Before facing manufacturing the diamond covering member concerning this invention and covering the aforementioned 
base material with a diamond film, the aforementioned base material is heat-treated and the front face of the aforementioned base 
material is reformed to a porous layer. Heat-treatment is performed by heating the front face of the aforementioned base material 
under pressurization in the atmosphere of inert gas. 

[0046] As the aforementioned inert gas, rare gas or nitrogen gas, such as argon gas, gaseous helium, neon gas, and xenon gas, etc. 
can be mentioned. Argon gas can be suitably used also especially in it. Moreover, if base materials, such as oxygen gas, and the 
gas which reacts are mixing into the aforementioned inert gas, since these will react with the aforementioned base material, in the 
aforementioned inert gas, it is desirable to remove oxygen gas etc. as much as possible. 

[0047] Usually, the aforementioned pressure is more than an ordinary pressure, is five to 3,000 atmospheric pressure preferably, 
and is 1,000 to 3,000 atmospheric pressure especially. A pressure is not improved rather than an ordinary pressure by the state 
where the front face of the aforementioned base material is desirable to a low case. Moreover, even if a pressure exceeds 3,000 
atmospheric pressure, the effect beyond it is not acquired compared with the effect acquired when it carries out with 3,000 
atmospheric pressure. Usually, 1,000-1,600 degrees C is desirable especially desirable, and the aforementioned temperature is 
1 ,300- 1 ,450 degrees C. When temperature of the above is out of range, the front face of the aforementioned base material is not 
improved by the desirable configuration. 

[0048] Although time to heat-treat does not generally have ****** smC e it is decided by the conditions of temperature and a 
pressure, as for 15 minutes - 300 minutes, for [ for / 1 minute / - ] 500 minutes is usually desirable especially desirable. When 
time to heat-treat is under for 1 minute, reforming of the front face of the aforementioned base material becomes inadequate. 
Moreover, since it is accompanied by the danger of irregularity increasing in the front face of the aforementioned base material, 
and causing deformation of a base material since time to heat-treat exceeds for 500 minutes, or reforming on the front face of a 
base material will generally progress too much, if heating temperature is too high, it is not desirable. 
[0049] In addition, heat-treatment can be performed by proper methods, such as irradiation of plasma heating, light, etc., 
energization, laser heating, and electrolysis. 

[0050] this heat-treatment - the front face of a base material - the [ of a periodic table (International Union of Pure and Applied 
Chemistry) ] - the [ an IVA group and ] - the [ VA group and ] -- the porous layer which consists of the carbide of two or more 
sorts of metals chosen from the metal belonging to a VIA group, a nitride, or a charcoal nitride is formed 
[0051] It is presumed that the porous layer mentioned above is formed of the following mechanisms. That is, if above-mentioned 
heat-treatment is performed, Co, nickel, etc. will be hidden in the interior of a base material, or will volatilize, and Ti and Ta will 
move toward a front face simultaneously from the interior of a base material. Therefore, there is no exposure of Co, nickel, etc. in 
a front face, and, moreover, Co, nickel, etc. come to exist in the interior of a base material. In the case of the suitable base material 
in this application, the voidage of the formed porosity gradually decreases as it goes to the interior of a base material, and it comes 
to have the component and composition of the base material itself soon. That is, the porous layer in this invention does not form a 
clear interface between base materials. When a diamond film is formed and it uses as a tool etc. on this porous layer by such 
reason, even if it uses it under a severe condition, it will not happen that ** exfoliates [ a diamond film ] also as for a porous layer. 

[0052] (B) the [ of a periodic table (International Union of Pure and Applied Chemistry) ] - the [ an IVA group and ] ~ the [ VA 
group and ] ~ how (the 2nd method) to coat the carbide of two or more sorts of metals chosen from a VIA group, a nitride, or a 
charcoal nitride on the surface of a base material, and to heat-treat it 

In this method, since the front face of a base material is made to carry out adhesion formation of metal carbide, a specific metal 
nitride, or a specific metal charcoal nitride, the base material does not need to be formed of a component required to form a 
porous layer. It is as having mentioned above as the quality of the material of a base material. 

[0053] Since it is the same as that of the 1 st method of the above about the conditions which sinter this using the aforementioned 
material which may turn into a base material, and the configuration of a base material, the detailed explanation is omitted. 
[0054] Moreover, it is a metal in the metal carbide, metal nitride, or metal charcoal nitride by which vacuum evaporationo is 
carried out to a base-material front face in this invention, the [ ** and / periodic-table (International Union of Pure and Applied 
Chemistry) (International Union of Pure and Applied Chemistry) ] -- a kind of metal chosen from the metal belonging to an IVA 
group, Ti, Zr, Hf and the metal belonging to a family VA group, V, Nb, Ta and the metal belonging to a family VIA group, and 
the group that consists of Ti, Ta, Nb, Cr, Mo, and W especially can be mentioned especially at least 
[0055] As a method of carrying out the vacuum evaporationo of the carbide, nitride, or charcoal nitride of these metals to the 
above-mentioned base material, the ion plating method, a spatter, etc. which are generally used are employable. 100-50,OOOA of 
thickness of the vacuum evaporationo film formed of vacuum evaporationo is usually preferably chosen from the range of 
1,000-20,000 A. if it is hard to expect the effect of an adhesion improvement of this thickness in less than 100A and exceeds 
50,000 A, when a vacuum evaporationo film is formed, the internal stress of the vacuum evaporationo film itself will become 
large, and a vacuum evaporationo film will exfoliate from a base material - there are things Moreover, when the porous layer 
formed of heat-treatment becomes thick, the intensity of itself may be lost and a diamond film may exfoliate with a porous layer 
from a porous layer. 

[0056] Subsequently, the base material which has a vacuum evaporationo film is heat-treated. 1,200-1,600 degrees C of heating 
temperature are usually 1,300-1,550 degrees C preferably. Moreover, generally as an atmosphere of heat-treatment, inert gas, 
such as an argon, helium, and nitrogen gas, is desirable. But these controlled atmospheres are suitably determined by the metal 
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kind in the above-mentioned vacuum evaporationo film. For example, as an atmosphere in case a metal kind is titanium, rare gas, 
such as argon gas or gaseous helium, is desirable. As a pressure at the time of heat-treatment, it is suitably chosen from the range 
of one to 3,000 atmospheric pressure. 

[0057] Although time to heat-treat does not generally have ****** since it is decided by temperature conditions, as for 1 5 
minutes - 300 minutes, for [ for / 1 minute / - ] 500 minutes is usually desirable especially desirable. When time to heat-treat is 
under for 1 minute, reforming of the front face of the aforementioned base material becomes inadequate. Moreover, since it is 
accompanied by the danger of irregularity increasing in the front face of the aforementioned base material, and causing 
deformation of a base material since surface reforming progresses too much when time to heat-treat exceeds for 500 minutes, it is 
not desirable. 

[0058] Heat-treatment can be performed by proper methods, such as irradiation of plasma heating, light, etc., energization, laser 
heating, and electrolysis, this heat-treatment ~ the front face of a base material - the [ of a periodic table (International Union of 
Pure and Applied Chemistry) ] - the [ an IVA group and ] — the [ VA group and ] ~ the porous layer which consists of the 
carbide of two or more sorts of metals chosen from the metal belonging to a VIA group, a nitride, or a charcoal nitride is formed 
[0059] About a porous layer, it is the same with having explained in the 1 st method of the above. 

[0060] (4) In the diamond composition process invention in this application, it is desirable to be also able to cover the thin film of 
diamonds on the front face of the porous layer in the base material which is the above, and was made and heat-treated, and to 
cover the thin film of diamonds on a porous front face, after performing plasma treatment of specific conditions to a base material 
as pretreatment, when there are still few contents of the inside of a porous layer, for example, titanium, and a tantalum. As this 
plasma treatment, it is the mixed-gas atmosphere of carbon dioxide gas and hydrogen gas, and plasma treatment is performed at 
10 - lOOtorr and 500-1,100 degrees C. 

[0061] In mixed gas, the mixed rate of 60 - 90% of carbon dioxide gas and 40 - 10% of hydrogen gas is usually desirable. As a 
pressure at the time of plasma treatment, within the limits of 10 - lOOtorr is desirable. If a pressure is higher than the 
aforementioned range, the controllability of processing will be bad and a low and processing will take time. As base-material 
temperature, it is 700-900 degrees C preferably within the limits of 500-1,100 degrees C. When temperature is higher than the 
aforementioned range, the controllability of processing is bad, repeatability is bad, and a low and processing take time. The 
processing time is 60 minutes preferably for 1 minute to 200 minutes. 

[0062] C VD is suitably employable in order to generate the plasma of the mixed gas of carbon dioxide gas and hydrogen gas. As 
C VD which carries out plasma treatment, various methods, such as a microwave plasma C VD method, a RF plasma C VD 
method, heat filament CVD, and DC arc CVD, are learned, for example. In this pretreatment, although any of these CVD is 
applicable, a microwave plasma CVD method, a RF plasma CVD method, etc. can be mentioned especially. Moreover, if you 
adopt the same CVD as the CVD adopted on the occasion of gaseous-phase composition of the diamond mentioned later, it is 
convenient on an equipment configuration. 

[0063] Thus, in manufacturing the diamond covering member in this invention, by carrying out above-mentioned plasma 
treatment, a base-material front face is activated and the bonding strength of a base material and a diamond film increases, carry 
out for carrying out the aforementioned pretreatment in this invention ~ or pretreatment ~ bending ~ an imitation - a diamond 
covering member is formed in the front face of the porous layer formed as mentioned above by covering the thin film of diamonds 
With diamonds here, the diamond and diamond-like carbon which sets the diamond-like carbon other than a diamond in part, and 
contains it is included. 

[0064] Although various kinds of methods are learned from the former as the formation method of the thin film of diamonds and 
there is especially no limitation, as shown below, in the method of this invention, the vapor phase synthetic method which uses 
carbon source gas is suitably employable. 

[0065] As the above-mentioned carbon source gas. Paraffin hydrocarbons, such as **, for example, methane, ethane, a propane, 
and butane; Ethylene, The hydrocarbons of acetylene series, such as olefin-hydrocarbon; acetylene, such as a propylene and a 
butylene, and a propine; A butadiene, Diolefin system hydrocarbons, such as an allene; A cyclopropane, a cyclobutane, Alicyclic 
hydrocarbon, such as a cyclopentane and a cyclohexane; A cyclobutadiene, Aromatic hydrocarbons, such as benzene, toluene, a 
xylene, and naphthalene; An acetone, Nitrogen-containing hydrocarbons of amines; others, such as oxygenated hydrocarbon; 
trimethylamines of alcohols; others, such as ketones; methanols, such as a diethyl ketone and a benzophenone, and ethanol, and a 
triemylamine; carbon dioxide gas, a carbon monoxide, peroxidation carbon, etc. can be mentioned. Moreover, various kinds of 
aforementioned compounds can also be mixed and used. Also in these, amines, such as ketones, such as alcohols, such as paraffin 
hydrocarbons, such as methane, ethane, and a propane, ethanol, and a methanol, an acetone, and a benzophenone, a 
trimemylamine, and a triemylamine, carbon dioxide gas, and a carbon monoxide are desirable, and especially its carbon monoxide 
is desirable. In addition, these may be used by kind independent and may use two or more sorts together as mixed gas etc. 
Moreover, these may be mixed with inert gas, such as activated gas, such as hydrogen, helium, an argon, neon, a xenon, and 
nitrogen, and may use. 

[0066] Various kinds of diamond thin film vapor phase synthetic methods, such as a well-known method, for example, CVD, 
PVD, the PCVD method, or a method that combined these, can be used for formation of the thin film of the aforementioned 
diamonds, and a microwave plasma CVD method including various kinds of direct-current-plasma CVD including various kinds 
of heat filament methods including the EACVD method and the thermal-plasma method and the thermal-plasma method etc. can 
usually be suitably used for it also in these. 

[0067] As formation conditions for the thin film of diamonds, there is especially no limit and it can apply the reaction condition 
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usually used for the aforementioned vapor phase synthetic method. For example, as reaction pressure, 10-6 - 103 Torr are 
desirable, and it is usually especially desirable that it is within the limits of 1 - 800Torr. Rather than 10-6Torr, the formation 
speed of the thin film of diamonds is slow, and a bird clapper has reaction pressure in a low case. Moreover, in being higher than 
103 Torr, there is no effect beyond it compared with the effect acquired at the time of 103 Torr. 

[0068] Although it cannot generally specify as a skin temperature of the aforementioned base material since it changes with 
activation meanses of the aforementioned material gas etc., it is usually good preferably to carry out [ 300-1 ,200-degree C ] 
within the limits of 450-1,000 degrees C. Formation of the thin film of crystalline diamonds has [ this temperature ] a bird clapper 
in a low case insufficiently rather than 300 degrees C. Moreover, it becomes easy to produce etching of the thin film of the 
diamonds formed when temperature exceeded 1,200 degrees C. 

[0069] As reaction time, as for especially limitation, it is desirable to set up suitably according to the formation speed of the thin 
film of diamonds so that it may not be and the thin film of diamonds may serve as desired thickness, the thickness of the thin film 
of the diamonds made to form in the front face of the aforementioned base material - diamond covering ~ although it cannot set 
uniformly since it changes with purposes of using a member etc., in the case of a tool, 1 0-50 micrometers or more 5 micrometers 
or more are usually suitable preferably When the thin film of diamonds is too thin, the front face of a base material may fully be 
unable to be covered. Thus, since an interlayer's metal will be carbonized for the carbon source gas of a raw material, and an 
interlayer's metal in response to the time of a diamond thin film being formed in the aforementioned interlayer's front face and a 
diamond will subsequently generate, the adhesion between an interlayer and a diamond thin film improves. 
[0070] A diamond covering member can be manufactured by the method of this invention as mentioned above. 
[0071] 

[Example] Hereafter, although the example and its example of comparison of this invention explain this invention still more 
concretely, this invention is not limited to these examples. In addition, evaluation of adhesion with the base material of the 
diamond thin film in the following examples and examples of comparison was performed as follows. 

[0072] The indenter was stuffed into the base material the condition for [ load 60 kg-f and holding-time ] 30 seconds using the 
total from the diamond thin film side of a test piece (diamond thin film covering base material) in the appraisal method 
(indentation method) Rockwell hardness of the adhesion of a diamond thin film, it asked for the surface-of-separation product of 
the diamond thin film by this indenter, and the size of this measured value estimated the quality of the adhesion to the base 
material of a diamond thin film. 

[0073] The base material after check heat-treatment of a porous layer was cut by the diamond wheel, and the cutting cross section 
obtained was observed by SEM, and was checked. 

[0074] The measurement porous layer of the voidage in a porous layer was measured in the mercury porosimeter. 

[0075] FLOWSORB by measurement Shimadzu of the BET value in a porous layer II It measured using 2300. 

[0076] (Examples 1 -7) About the example 6 made from the cemented carbide of the size 1 2.7mmxl 2.7mm angle which reaches 

example 1 -5 and is shown in Table 1 about 7, the base material made from the cermet of the same size was heat-treated on each 

heating conditions shown in Table 1 . 

[0077] The diamond thin film was made to form in the front face of the base material which formed the porous layer by 
heat-treatment per example 1-7 on condition that the following, and each diamond covering member was obtained. In addition, in 
any case, the thickness of the formed diamond thin film was about 25 micrometers. 

[0078] synthetic condition material gas [ of a diamond thin film ]: « mixed-gas composition condition [ of CO (15 capacity %) 
and H2 (85 capacity %) ]: - reaction pressure 40Torr, the substrate temperature of 900 degrees C, and a synthetic time 10-hour 
synthesis method (material gas exciting method) :microwave plasma CVD method 

[0079] It was checked according to the Raman spectrum that the formed film is a diamond. The aforementioned indentation 
method estimated the adhesion of a diamond thin film and a base material to each diamond covering member (test piece) obtained 
above. The result is shown in Table 1 . 

[0080] (Examples 8- 1 9) The thin layer with a thickness of 1.5 micrometers it is thin on the front face of the base material made 
from the cemented carbide of the size 1 2. 7mmx 12.7mm angle which is the chip for cutting tools shown in Table 1 from the 
coating shown in Table 1 by the ion plating method was covered. Subsequently, this was heat-treated on each heating conditions 
shown in Table 1. Here, K01, K10, K20, and PI 0 which were used for each base material made from cemented carbide are JIS, 
respectively. B The use class mark of a cemented carbide chip based on 4104 is shown, and these cemented carbide has the 
composition shown below, respectively. 

[0081] The composition K01 :WC-Co system of the base material made from cemented carbide (W:91 % of the weight, Co:5 % of 
the weight, C:4 % of the weight) 

K10: WC-Co system. 0 [ W:] 87 % of the weight, Co: 7 % of the weight and C:6% of the weight of a cemented carbide 
K20:WC-Co system cemented carbide cermet :TiN-nickel (TiN: - 59% of the weight) of (W:87 % of the weight, Co:8 % of the 
weight, and C:5% of the weight) of a cemented carbide P10:WC-TiC-TaC-Co system (W:50 % of the weight, Ti:16 % of the 
weight, Ta:17 % of the weight, Co:9 % of the weight, C:8 % of the weight) nickel: 6 % of the weight, Co:9 % of the weight, 
Ta:20 % of the weight, Mo:6 % of the weight 

The diamond thin film was made to form in the front face of the base material which formed the porous layer by heat-treatment 
similarly in the aforementioned examples 1-7, and each diamond covering member was obtained. In addition, in any case, the 
thickness of the formed diamond thin film was about 25 micrometers. 

[0082] It was checked according to the Raman spectrum that the formed film is a diamond. The aforementioned indentation 
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method estimated the adhesion of a diamond thin film and a base material to each diamond covering member (test piece) obtained 
above. The result is shown in Table 2. 

[0083] (Examples 1-5 of comparison) About the examples 1-4 of comparison, the diamond thin film was formed in the front face 
of the base material made from the cemented carbide of the size 12.7mmxl 2.7mm angle which is a chip for cutting tools on the 
same conditions as the aforementioned example, without forming a porous layer in the front face of the base material made from 
the cemented carbide of the composition shown in Table 1 about the example 5 of comparison, respectively. The adhesion of a 
diamond thin film was evaluated like the aforementioned example, the result of the example 5 of comparison was shown in Table 
1 , and the result of the examples 1 -4 of comparison was shown in Table 2. 
[0084] 

Table 1] ______ 
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[0086] 

[Effect] Since the diamond film is formed in the porous layer while a base material has the porous layer which becomes the front 
face from the specific quality of the material according to this invention, the diamond covering member which the adhesion at the 
time of an elevated temperature is remarkable, and improved can be offered. Since it excels in the adhesion of a diamond thin 
film, the diamond covering member concerning this invention is applicable suitable for a cutting tool etc. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the [ of a periodic table ] -- the [ an IVA group and ] - the [ VA group and ] -- diamond covering characterized by 
having the base material which has the porous layer which consists of the carbide of two or more sorts of metals chosen from the 
metal belonging to a VIA group, a nitride, or a charcoal nitride on a front face, and the diamond film formed in the front face of a 
porous layer a member 

[Claim 2] diamond covering given in the aforementioned claim 1 the voidage of whose of the aforementioned porous layer is 5 - 
80% — a member 

[Claim 3] diamond covering given in the aforementioned claim 1 the BET value of whose of the aforementioned porous layer is 
30-300cm2 / g — a member 
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si. mvAm&xvm i A&fc*rs&ga^giR$ 

wc&ti&ttfty* y vmmt ztzmi 
t-th^^ymmwsmrh*). m$m2iz3m so 
comm. m&iiMmitZtommtfs^&oxx-b 

ETtfr*3 0~3 0 0cm2 /gTftSmEfi^lfc 

[0014] htc> zcoftwcoyj nassas 
tit*. fifflfcMJiJf *<o£?LSMtf> 
[0015] a) mt 40 

[0016] ^<0Mfcft$-^®3-tf:S d t £<k 9£ 
«lSr»BW-S<0tff3i^ff«rj > l.«0*«a* Lev L 

mm ( i up ac) omivAmiz&i-i&mmm 

T i . JSVAlfifclW-iAIWitfTatJ it«SV I A 
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[0017] MB@«£&fc LTti^ft^y^Xr^ 

z<7)mt*y7XT-ym®&& 

fcLTU:. Ti. Co. Ta % Mo. C r^f5&m£)t 

(MfimnK n&mtix. m&axotz. c 

[0018] L 

T«. WC-TaC-Co. WC-TiC-Co. WC 
-TiCN-Co. WC-TiC-TaC-Coff)fi 

[0019] iMtfHtfyrxr-yt Lxii. ffit&JL 

mizmzti&itcoKt'&m-t&zttf'c*. m 

ttfcte. WC. WCx (fit. xtilUl^iEOlQa^ 
mhL. 3S. i^x«lJ:0*#v^S^ttl i0 

&<o#rt>. as. wc*a^t#Jit:ffiffl3ns. & 
fe. -am4iiTfflv%Ti>j:<. zaohs-ef 

mmmt Lxm^x^xw 

[0020] mfrfyt LTIi. «ftRRffi{i5r< . M 

JW*Wfcli. Tic. TiCy (fflU y«i 
lfilJ1^)iE<0^$-*i?L. as. ZCDytelX*)** 
v^fcSv^iiiO^v^T'fcS. )-C**>$*Ll.^ 

mtzmztiz. 

[0021] mt*y9>Vk LTJi. »tKS»±=5r< . 

mmiiZte. TaC. TaCz (fflL. z 

\t\wy?)iE.<vm&:m>L. as. doztiiio^: 

ZZttfX'ZZ. Ztlt>(T>tt>Ti> . aS. TaC*S|tfc 

tf. ffimHkfyrxTyiza^xte. m&<vm\&t 

[0022]1>--^ yhtLT»i. ^«i»^wmiVA 

^vAgei^jjigv i &mzm-&<m<r>&Amt 



(4) 

5 

4ii^fffS:t«H. BftHfcliwc- 

Co, WC- (W, Ti. Ta, Nb, Vfrt>MW.2tL 
S^<i:t-ao^S) C- (Ti , Mo, Ni, F 
e , C r frt>mftZtl&'J>%< fc t-S^R) %b'Z 

mfh h . ^zmmzm&h t.nc 

-TaC-Ni, TiC-TaC-Mo, TiC-Ta 
C-Ni-Mo, TiC-TiN-Ni, TiC-Ti 
N-Mo, TiC-TiN-Ni-Mo. TiC-Ti 
N-TaC-WC-N i, Ti C-T i N-TaC-W 
C-Mo, Ti C-Ti N-TaC-WC-N i -M 10 

0, Ti N— TaN — Ni , TiN-TaN-Mo, T 
i N-TaN-N i -Mo, TiC-TaN-Ni, T 
iC-TaN-Mo. TiC-TaN-Ni-Mo, T 
iC-Ni, TiC-Mo. TiC-Ni-Mo. Ti 
C-Ni, TiC-Mo, TiC-Ni-Mo. TiC 
-TaN-Ni, T i C— TaN— Mo , TiC-Ta 
N-Ni-Mo, TiC-Ti-Mo, Crs Ct -N 

1, TaC-Ni, TiC-TaC-Co, M02 C- 
TiC-Ni-Cr. TiC-VC-Fe. TiC-V 
C-Ni. TiC-VC-Co. TiC-Mo-Nif 20 

[0023] mtv>mmm£%mzit?><7)T\i 

m>x2T\mmimfStf-z>ox'htn£. mtt Lxim 
£»3tt, mmm ( i up ac > <nm i vabl mv 

vxmnmm*. mtu±mx'$>&tii\,^xi>. m 
#tmitt&e*>~>xi>&K mtkitm-t^oim so 

[ 0 0 2 4 j m&cv&nt txit. mmz&. m 

o, Cr. Co, Ni, Fe, Ti, Zr, Hf, N 
b, Ta, Al, B, Ga, S i Srfc'O-SifcliZa 

w±<n&m^tc&imfrm. ziit>&m>-n*ti 
nzmitt. £*, mm. mm&xv/zwzx'vm 
mfrt>%&&mcoms&cvim&£m (jywwcte. tit 

X.fc£, wc, w-wc, wc-c, w-wc-cf»w 

-C^, Co-CJ, Co-WC, Co-W-WC, C 
o-WC-C, C o -W-WC -C^C o -W- C 40 

TaC, ^5Ta-C^, TiC^<9Ti-C&, 
Mod , M0-M0C1 , Mod -C^)Mo- 
C&, SiC^<0Si-C*, Fe-FeC, %&<7)F 
e-C^, A 1 2 O3 -Fe^^cOA 1 - Fe-OI, 
TiC-Ni&^COTi-Ni-Cifc, TiC-CoS 
^Ti-Co-Cl, BN&, B4C-Fe^<0F 
e-B-C^, TiN^OTi-N^, Al N x & 
m<?>A 1 -N&, TaN, 3^>Ta-NS%, WC-T 
aC-Co-C^)W-Ta-Co-C| s WC-T 
iC-Co-C^W-Ti-Co-CI, WC-T 50 
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iC-TaC-Co-C^iOW-Ti -Ta-Co- 
C&, W-Ti-C-N^, W-Co-Ti-C-NS 

& if) %t'mm(?>im&&zmfhzttfx'zz. 
[0025] ztit>?»t>vi>. mzmt^mttx. 
tit ma:m%t-izm%vtcmm& (m 

tffllz^ tit Hi. J IS B 4 104K;fcVvC& 
JBiH^&f-POl, P10, P20, P30, P40, 
P50^)P^U-X, M10, M20, M30, M4 
03tf)Mx»J-X, KOI, K10, K20, K30, 
K4 OttKi/V-X%i!0>MIIMSmwmt£&f- 
VI, V2, V3^0V^U-X^t'«il5l^ 

WC-Co^<OW-Co-C^jg@^fe, WC-T i 
C-TaC^@g£&, WC-TiC-TaC-Col 
mvVt-T i -Ta-Co-C|gS^, fo&WiZ 
^/5><DTaO>-SI5&Nbt^t3tt<^'*) Sriffc^f 

s^fc^T^i.. zticizit. ±mm<om<r>jt 
m t mmtLft : t:ttix^hh<7)Th'>xi>j:\\ an 

[0026] 4fc. S#tf>«B££W£-£S£i:fcJ:9 

§>jimmz§kvz>m£vm<ott®e>mit txmft> 
tLtiv—t-yhi,. gMt\zm.<rM?)ttmtzi-yxz 
iLwaimf&t&m&vmttotimt \,xw*thzt 

[ 0 0 2 7 ] (2) mmm 

m3nzmtf-&. zcozumu. mmrn ( i upa 

C)<OjflIVA&(Ti, Zr, Hf ) , &VA& 
(V. Nb. Ta) &J;VmV I AW: (Cr, Mo, 

w) ngi-s^«*^ss?^fLi.zaijLh»^ja^b 

*K SMHIi*fcl4^«llrC»JK3*iT^*. 
[0 028] WcfF2U>IHfLKlli. TiC, TiC 
N, TiN, TaC, NbC***LT^6. 

[0029] jnn^MmemM»6aHR$iL&«ii«> 

[0030] zmnmit. *?uw£3r*4»w> 
BfH^sEM (%Emm?smm) xwm-tzt. ma 

[oo3i] zeMmtzmzziLmt mi 

m.Z. 3aWfcLt5-80X«BteT. IF* L<tt 

2 0~8 0%C9S!|£-e, 3£>fc#*L<l;13 0~7 0% 

mmmt mm-z ztizx h^m^s^^m 



(5) 

7 

mm&mm&m-zztwx'**^. ttz^mmw 
[oo32] zco&nmmtiiifhgmzmftLtz t o 

[oo33] zco&fimnzmiz. $mm<r>$iwz 

±y vm&mfcLxKhyA Ym&mmm 
MS- s EMtj: *) mm-th t . mmmiztumt vx 
m®tfttLx^hztimht>tih. ztnt. fMM 
mtzm&zm<?). znMm$mizmz>mn&tfy4 
**yYms&xmt:Zto:£i%mxi>s>&. zm 20 
oZttBiz&^x. yj^yvmK&nMmmRff 
&mzii£iktz&v&mmm<7mmii. 5-7 0% 

<o^rtfc&sco##£L<, 1tfc:3 0~6 0cOffifflrt 

[ 0 0 3 4 ] m *±y vw&mm.i,zt5Vh3,T[m. 

. -r tf> J: o tzMfSMZmmi 0 

^a<«*N-& ztii. ix\Mm±tzmmixrz.y4 30 
* vffl6&&{[mmiiz}5Vh%mzx o r * 

tftv^atri i: ft: A STy^-Sft^fcrd: 0 . mMM 
[ 0 0 3 5 ] £?L©«ft:i5»tS£l£3|Mi. 

[0036] zcogfimmii. *<r)Rmmt^om& 

frt>M.&b. BETfi*>*3 0~30 0cm2 /g-CfcS 40 
Otflff* L<. ftte 5 0—2 5 0 cm' /gr&SO** 
#£U*. ^?L©JfcoBETfi*fiM<?)KBartt&S 

t. %ftnms%(ommmjm&2tixft®&j)<r) 
mi}5XVTy*-%mz£ vn^yvm&vm 

[0037] ZftimmMi.. %-T\ **3aMI* 

tmmtm<%&. zoumvu. m®. o. i~ 
iz ix®fet& z t tfX'Z i . tthh , mmm\zx so 
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-e-^JfflSrfflS-SEMtriOI^^CittiO. £?L 
W«Off*£&5&t.6 £ fc tfX% h . 

[0038] o) m/mcmfc 

mmmz. mmmm < i upac ) <nw. i vak, m 

VAjfcfcitfSV I A^t:a^-^^R*^S«§ni»z: 

Lx\xm2^mfhixt, 

(B) (IUPAC)^I V Am. S&V ARfc 

it^gv I A^*^3!S?3ns-Sia±<^«^fl:!Hy3r 
[0 039] (A)^W|5aIn££?L©Jift:£»3tf£ 

*a (mum) 

znmm&tmthmvimhLx. mtt^m- 
hmm&ft*:mtmmtzmiii2itz>ism±. mmm 
( 1 upac) own vaul mvAM&xvmv i a 

[0040] £^)Stf{i. «ttfc^0^»«J«^S:a 
[0041] 5:t>. «Jg{c5t**.. ffSlS^fc t fcfe:, 

?ym&3&ftk-?zwm£mmt:ttix^xi>£ 
[0042] mmmonmizte^xit. mHMt»& 

Xff. 0. 0 5-4. Ojunu 
L<«. 0. 0 5~2. 0^mgJS<oaS^it<(ij@ 

fi^^ttot^ yys^? bib& { 2 0-2 0 ogjg<o 

>>-f x*-W)\> m*wmz®mh z t s . 

[0043] J^ISaSLT«. 1, 300~1, 
6 0 0*C. »*L<ttl, 3 5 0-1, 5 5 0X^S<^) 

KHrtfc:-rs<W5iST*s. jsnssfate. a^ 0. 
&<?>ifimx'b&. 

[ 0 0 4 4 ] r-f y vmmmizwm-hMz®. 
mzti&mmvuz^xK. mzum±^\ mi 
ma. mm. w£m&izmLx^mm<nmi.i,zL 
xt5\.vni}>t>m&*'t&z\bifiX'%hL. bzwt. m 
gmffit. miz&txmm<mmznai.ix. z<m 

[0045] zvmuzmy* -v* y mmsmi 



9 

ww-stBi/ctt. mmtzwt^yvmmx®. 

[0046] ifaSTCStt#X k LTIi. Tfr3>tfX. 

[0047] raaJBHrti. as. &mitT$>*) . #2 
L<Ji5~3. OOOSffiT'&O. «£1. 000- 
3.00 0MET*£. ffi;>j#S£E<i: 0 tfiV^fe: 

fc. £E;tJ#3, 0 0 0fS&£Mz.Xi>. 3. OOOSvE 

-eft* -> t>tiimmzitK.x ttimiomk 
iffihti&\ missKJi. as. 1. 0 0 0-1. 6 
oox*mL<. L<tt. l. 3 0 0-1. 
4 5ot:t'&&. fflSsft^tosHJ^o^wi. trie 

[0 0 4 8]M!«!S$-rS«H«. iaJSfcEbfc^fe 

mciom^mMHfcfcmx&^tf. as. 1# 

©-5 0 0#fS##£L<. *fctF*U*!>ttl 5fl~ 

3 0o#t-&&. ineiJiH^si^pi^^m^^ 

HWMISr-rSi^lj^SOO^Srigi^O. MUSS* 1 

Km&imox-. mi<&\ 

[ 0 0 4 9 ] . JMSIi. T-7XVJB». ft&i: 
tf>58». as. U-if-Mfe. gBoft&C- 

[0050] zommmiz* ->xmt<r>$m\z. 

0t£ ( i up ac ) am i va®l mvARfeitf^v 
i AffitJBi-s^jR*^sR?ns-aja_hc^s^ 

[oo5i] jt»Lfc£fljt»i. wt<o± o%mmiz 
mzffto t . c o^n i %t'tfmftmzm*)&A,ti 
mfr^mmizftfr-yxmrt-z. Ltz^x. mmtzc 

o^N i &fc'<D&£tS* { $:< . U>4>. gtfrtSBfcttC o 
icfi*^ fcotrc IK«U W> W>j£# 
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1 0 

&&LLXXmt' k LTfflV^^tw. mi%3MTT 

~?hk\*?Zkimz.t>Kc<%&. 
[0052] (B){a«(IUPAC)»SlVA 

^vA^t>j:^v i Am>t>mR2ix&z3m)± 
comn&m. mmttti&mmKk'zmtm. 
mz^-T<y?Lxm!!mt2>-m e%2Wk) 

10 Z<7)Um£ti^X&. memmizftfecry&mBHffli . 

x\ mmm£mjitf-hc?)frm%&ftiz£~>xmtv 
B&stix^z&mi*^. mtvmnk Lx\mmL 
tzktwx-bh. 

[0053] mk% *)®&wmmtt:m^x znm 
mhm-. mmmiz^x\tm&iii-mkm 

[0054] a*, zffmmztiwtnt. mtmmizm 

20 \zanz>&.mk i/c«. rnmrn < i up ac > (iu 

PAOII VARfcg-f S&M. mtZT i . Z r . H 

f . mmvAmzm-t&&m. atv. Nb. Ta. t> 
ixmmv i AKts-rs^g. mzr i . Ta. n 
b. cr. mo. m*t>%mfri>WRZti&'j?%< k 

[0055] zti^<n^M<n^m. mmh L<im 
mm*, isamiizjm-r&jmk lxi±. Hfttffl 
\^K&4*y7\s-Tiyr^xrtv9im*im 
-$-hzk&x%h. mmz£~>xBtf&ti&mmwi<?>m 

30 Wi. aS. 10 0~50, 000A. JfilXlil. 

00 0—20. 000 A<0ffiffl*^^?StlS . ZffiWk 

o o Amxiimmsmcry&mfiMftLVfz 
<. *^5o. oooxtimitk. mmmm^ti 
h k % \zmm&mm&htf-k% < ^ o m& t>m 
mwmm?&zktfs>&. tmmtzxm&L 
zixtzmm.m&m< %&k tti&mmg&KK ^ *) 
w-tey vwmziimmfrt>i>&wimmmk*: 
izmm-hzkmh. 

[0056] iJcv^-C. ^«M2rW-tl.«ttii. Jnftf&S 

40 anfaasii. as. i. 200-1. 600 

X:. »*L<fil, 300-1. 550-C-CJbS. 

^<x^>co#HMjyxji. issmmmiz&vz&gmizi 

xmnrnxm* lw msmm>&]k lxu. 

1 -3 , oo o^of^a^astcgflSits . 
[0057] jnaara^-rsiSfHti. ftgazmzx^x 

so ^^s^T'-atcjim^.^^. as. 1^-0-500 



(7) 

1 1 

tiMitm I < . ftfcff* LMXtl 5#~3 0 Oft? 

i^m^5 o o^s^iS^fc^t«. mmmMtm 

[0058] aiga«®{i. ryx-Tim. x&t'com 
st. mm. u~f--m. mm*?, mmrnx^ 
ozt h . zwmmmzz. -?xmt<vmi,z. 
Rimm ( i vp ac) com iv Am^ mvAmt* xv io 
s&v i Amizm^&^frbmzn&rmxkco&m 

[0059] znmiz^xit. mszm i nmtzts^ 

[ o o 6 o ] (4) ^ -\-*y mtnsam 
xmrntzs^xit. mmnzotLxmiimzfifi: 

mzmmt&zthTZ&L. jet. mmmxxom 

UZ+fy^fyffrcr&^Stf&^bZMt. m& 20 
mttx. mizft&kt&TyxvwmzmLt:®. 

tfXttDjg&tfxmmX. 10-100torr s 5 

oo~i, ioox:T^7Xv«uia%$:fu. 
[oo6i] s^x^t^-m. m%. m&f* 6 o 

-9 0%&£V*.m#X4 0-1 0%<0S^iH^#* 

u>. r^xvsaa^off^ t lt«i o~i o o t o 
s«iasfcLTtt5oo~i, looxicosmn. 

SF*L<ti7 0 0~9 0 0T;-CJ>-S. Wli^ 

0 04K #2 L<fi6 0ft'C&*. 

[0062] mktfXt7mtfxtc0M&tfXcr)77X 

"C^S. 7*7Xv«SI^-tSCVDSi:LT{i. ftfc* 
K. v-<?n8tr5XvcvDft. SS»r7X?CV 
Dft, gft?* 7*yhCVD£. DC7-?CVD£^ 40 

ztit><r)\,*-?ticocvDmi>mm-thzkti s x'Z& 

tf. *X-i>. iHffc. ^^afcfcr^XvcvDa. mm 

imt&yj y ^com^nz^ixmm^tit c 

[00 6 3] CKOi^C. ^^efflt^Btti^-^^ 
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1 2 

Wr^yvmtli. ^-vtyKotefc. ^-\rey 
4 J r*yFWm£-kti. 

[oo64] yA^yvmmmmmmt lx 
a. mdD^mmmmhtixis*}. ¥nzwm$& 
\w. zowmjmizti^xit. ariz^t xoiz. 

[0065] ±E^gbyxt LT»i. 
y. x?y. 7d^ > -ffy&co'^yj y%6Hbk 
m -.^f-isy. Totri^y. T^-py^tu^-fy^ 
StfbkS ; r-fe^-wy. ry^y^or-b^i^y^L 
*S ; 77i?x.y. Tvym>i?*v~7 < y^bfc 
f ; y?D70A>, s^o^y. i/tw^yfy^ 

is?xi^vym<nwm&^*-.i'9xi-f? i Jx. 
y. Ky^fy^ hi^y. *isvy. -ryfuymeffi 
; 7-fe h y. V^DVr V > x <y*/7 x 

-jvm ; znm^wmm^m ; hy^f-^rs 
zzttfxzz. ttztm^m^it^strm^Lxm 

•?&Zti>T%&, Ztil»W?l>* JffiLl^fcW^ 
x^y, rovN-y^M-^^ 4 y^ih**. x^ 
y-/K ^^y-;i^cor^n-;Mg, r-thy. ^y 
/7x/y^irbyi. hu^f-^rsy. byxf- 
tvr^y^coT^ym. m&f*. -m^Mmx-h*). 
mfc-^MMmtfrn l*\ ztiut-wmx- 
mux^&<. -mxkzm&jfxmtLxmmhxh 

)V*y. ^y. ^-byy. wmm<n*mi#xtm& 

[0066] iTE^-f "VtV MBWlMKWJRfctt, & 
Mitf. CVDS. PCVDSL 

yb'^Ejg^ffi^ffis-ftffl-rsvifc* 5 ^. ciix^ 
Dm. ?&7yX~?mz$s#>ti~?4 tuticryXvcvx) 

mm*imizm?& z t wx-% t . 

[ 0 0 6 7 ] f4 -Vt y HX^MI^BJ&ftfr fc LT 

fctTJi. 10- 6 ~10 3 TornMMK. 
«ft:l~8 0 0To r rc7)^BIrt-C&*<0* s ffi LV^„ 



(8) 
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1 3 

RJSEWl 0- 6 Tor r± 9 *>ffiV fA* 

fc. 10 3 TorriOIV^fcll 1 O 3 Torr 

[0068] fTEStt^ffiSSi: LT l±. f^M^ 
x<oamt^^(c J: OH&SWCHRfcSJ&rs £ t 
tf-C^&V^ SI®. 3 0 0~1. 2 0 0^C. «il< 
»i. 4 5 0~1. OOO'C^SSfflrttC-tS^J:^. i 
<nm.V3 0 0X:J: 0 fcttv^fctt. *Sfittor>f ^ 

s. 

[0069] K&fflfc tTtt. tt(cK£!i&< . ^ 
afftt5/imJBLh. #£L<«. 10~5 0*tm 

[0070] JiLbOi 3 left. Cc^Hg^^fci 
[007 1] 

[0072] MttyYmKmnmv&mm m 

o«y??x/HS$H-£fflvvc. ?M6 0kg- f . «J# 

i^S3o»s^feff-e. ratf- (r-f^yHwrnji 

> o^>f -ft y fssm^e? l 

[0073] I^LKH^OB 

Mmm&mtiy4^yY*4-)v-ew8iL. n 
[oo74] mmmizm&gmmnwfc 

[0075] #7L®«fcii SBE Tffioai^ 
SgfSftfftScOFLOWSORB II 2 30 0£ffl» 



1 4 



[0076] mtmi-5t5£xf7iz 

-3UXte$kllZ*kZtl&V(Xl 2. 7mmxl2. 7 

mmftOiim&3M<n. mm6nz~o\,vc\m*H XV) 
[0077] HSi0!ll~7fco#. MfcSSafcJ: 9£?L 

io m&LtiyA^yYmmpmms.. ^ttw 

^t>»JJ3'2 5/zmTfc-57t. 
[00783 :$M y F£$UB*>&tt&fr 
J^^X: CO (15g*%) tH: <85£*%)fc 

a. 

[0079] m&ztitim&f't - v* y i t 

KfcSttfccO^tt^WifLfc. *<9*£*£. ^lfc^ 

[0080] (»tW8~i 9 ) mizTfiTmiLm 

^-vTVhh*HXl2. 7mmxl 2. 7mm^<0S 

mfrmomemmiz. jxyrv-T-iyrmzx 

SL^:. ^v^T^l(c^#/?£7)lini^fr-CC:ii2:Jil* 

K01. K 10. K2 0UJ:VP10(i. Ztl?tl. J 
I S B 4 1 0 4izm^< . I@«^^«y7-C0ffiffl^ 

[oo8i] mm&Mmvicr>m8L 

K0 1 :WC-CoI (W: 9 184%. Co : 5 fill 
%. C : 4SM%) 

Kl 0 : WC-Col (W: 871i%, Co : 711 
%. C : 6S»%) <0j@®£& 
40 K2 0:WC-Co^(W:87ii%, Co:8tt 

%. c : 5MM%) commit 

P10 : WC-TiC-TaC-Cojfc (W : 5 0MM. 
%, Ti : 16fift%, Ta : 1 7MM%. Co : 9fi 

s%, c : 8M*%) v>mm& 

ir-^>yh : TiN-Ni (Ti N : 5 9a*%. N 
i : 6S1%. Co : 9SS%. Ta : 2 0fi4%. M 
o : 6Stt%) 

HSfegy l ~ 7 fcisfts LT -V* y KSifi 

so zyj^yvmrnrntiftit. % 



(9) 
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1 5 

[0082] Bfoatitimtyj y Y-cbhz t 
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